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A b s t r a c t
This paper presents the methodology for comparing previously designated efficiencies of teams 
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the  necessary workload  on  the  execution  of  tasks  and  the  number  of  allocated  resources 
are often decisive for the efficient completion of the works. Assumptions relating to worker 
teams made  by  the  planner  during  project  preparation  will  have  a  significant  impact  on 






management and would minimise  the  risk of exceeding deadlines  from  the point of view 
of resource efficiency. 
The  purpose  of  this  article  is  to  examine  the  influence  of  a  particular  working  day 
(i.e. Monday,  Tuesday, Wednesday,  Thursday,  Friday  and  Saturday)  on  the  efficiency  of 
worker  teams. To  achieve  this  goal,  the  rules  of  fuzzy  logic were  used,  in  particular,  the 
concept of the membership function. In the latter part of the article, on the basis of the review 
of  selected  Polish  and  foreign  literature,  other  factors  that  have  thus  far  been  taken  into 
account in terms of examining work efficiency are presented ‒ the day of the week was not 
included among them.
2. The basis of the theory of fuzzy sets








A fuzzy set A  in certain space X = {x}, which  is written as  A X⊆ ,   is called a set of 
pairs [5]:






–  it is normal, and a set is normal if there is an argument for which the function has a value 
of 1;
–  it is convex, and set A is convex if
 ∀ ∈ ∀ ∈ ⋅ + − ⋅x y X x y x yA A A, [ ; ] ( ( ) ) min( ( ), ( ));λ µ λ λ µ µ0 1 1 ³   (2)
–  carries of function mA(x) is an interval;
‒  mA(x) is a function of continuous intervals.
The characteristic diagrams of  the membership  function mA(x)  are generated assuming 
a  trapezoidal or  triangular  fuzzy numbers distribution. A fuzzy number with a  trapezoidal 
diagram is illustrated in Fig. 1.
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, x4}. x2  and x3  are  the  interval 
in which  the membership  function  reaches  the  value  of  1.  x
1
  and  x4  are  respectively  the 
left  and  right  width  of  the  distribution  of  a membership  function. A  fuzzy  number  with 
a trapezoidal diagram can be clearly identified by setting an ordered four of numbers and is 
written as:
 X x x x x= ( , , , }1 2 3 4   (5)
A fuzzy number with a triangular diagram can be clearly identified by setting an ordered 
four of numbers and is written as:




3. Factors affecting worker efficiency
In modern literature, we can find many models, e.g. WLB (work-life-balance) developed 
in Australia  [8]  and  the  study  of  factors  affecting  the  efficiency  of  construction workers. 
Among  other  factors  important  in  this  regard  are,  rest  outside  the  workplace  [1]  and 
atmospheric  conditions; more  important  factors  are  the  temperature  and  humidity  of  the 
































Many of  the factors affecting the efficiency of  the workers  is hard to quantify and are 
imprecise. Fuzzy logic is well suited to solve these type of problems.
4. Analysis of the problem in fuzzy terms
In determining the efficiency of teams of workers, we use qualitative criteria in addition 
to  quantitative  criteria. Most  of  these  criteria  are  quantifiable  –  their  value  is  determined 
verbally.  The  interpretation  of  these  criteria performed  according  to  qualitative  evidence 
leads  to  the categorisation of worker efficiency  in a unmeasurable manner,  i.e. as  ‘good’, 
‘satisfactory’,  ‘average’,  ‘mediocre’,  or  ‘bad’.  The  properties  of  fuzzy  sets,  which  were 
chosen  to be applied, make  it possible  to describe and compare  the efficiency of workers 
during the performance of various tasks. In the research presented in this article, five specific 
finishing tasks were taken into account – these are listed in Chapter 3.




were  described  in  square  metres,  while  the  installation  of  stair  plinths  was  calculated 
in  the  number  of  sets  (one  set  consist  of  two  plinths  –  vertical  and  horizontal  for  each 








Although  quantitative  criteria  are  different,  they  can  be  determined  in  an  identical 
manner  to  each  other,  using  linguistic  terms,  and  included  in  the  same  ranges.  In  order 
to compare worker efficiency on different days,  it was necessary  to determine  the degree 
of membership of  particular  values  to  the  fuzzy  set  of  construction worker  efficiency W, 
consisting of pairs according to equation (8):
 W W w w w W= ∀ ∈{( ( ), )},µ   (8)





































identified as high efficiency and  the value of  the  function was specified as 1. The middle 
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T a b l e  1


























0.41 1.13 0.79 4.88 3.39
Value of x
2
0.7 1.44 0.95 5.32 3.84
Value of x
3
1.29 2.05 1.26 6.19 4.74

















The  paper  presents  a  scientifically  valid methodology  for  assessing  the  impact  of  the 
day of the week on the efficiency of teams of workers in their performance on five specific 
construction works. The method is based on the theory of fuzzy sets and uses the concept 
of  a  membership  function.  Despite  the  use  of  fuzzy  logic,  operations  performed  on 
previously collected timekeeping data are simple; thus, they do not raise difficulties in their 
practical  application. This  gives  a  greater  potential  for  its  use  in  construction, where  the 
efficiency of workers has a very large and direct impact on the duration of the works.
The results show that there is a relationship between labour efficiency and the day of the 
week. The  smallest  efficiency was  achieved on Saturday  (0.3), while  the greatest was on 
Tuesday (0.71). The rest of the results are comparable: the results for Monday and Friday 
are very similar, and for Wednesday and Thursday exactly the same (0.61). This information 
may  be  useful  in  planning  and  the  detailed  scheduling  of  works.  It  shows  that  there  is 
a  relationship  between  labour  efficiency  and  the  day  of  the week,  and  the  resulting  ratio 
expresses its size.
In further work on this  topic,  I plan  to expand the study to other factors and to create 
a model supporting the planning of works in practice. Analyses will continue to be conducted 
in terms of labour efficiency of teams of workers.
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